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(54) Torque sensor and number of revolutions sensor 

(57) The invention provides a detecting unit for 
detecting not only torque but also number of revolutions 
of rotary members without increasing a number of com- 
ponents. 

The number of revolutions detecting track 75 which 
is annular and contacts number of revolutions detecting 
brushes, disposed on the stationary member, with the 
slip ring 68 is arranged concentrically with a plurality of 
conductive tracks 72 to 74 on the slip ring 46 in order 
that the number of revolutions detecting track 75 
receives from the number of revolutions detecting 
brushes electrical signals which periodically vary in 
response to the rotation of the slip ring 68. 




Fig. 6 



CM 
< 

CM 
CM 

o> 
in 

CO 

o 
a 

LU 



Primed by Xerox (UK) Business Services 

2.16.3/3.4 



1 



EP 0 859 224 A2 



2 



Description 

The present invention relates to a torque sensor 
and a number of revolutions sensor which are preferably 
applicable to an electrically-assisted bicycle, an electri- 
cally-assisted wheel chair, or the like. 

There is known a wheel chair which includes a 
potentiometer for detecting input torque in order to 
transmit assist power to wheels in accordance with the 
input torque, as disclosed in Japanese Patent Laid- 
Open Publication No. Hei 8-117291. 

There has been a strong demand for detecting 
number of revolutions and a running speed of rotary 
members such wheels as well as input torque in order to 
control assist power of an electrically-assisted bicycle or 
wheel chair. To meet such a demand, such a vehicle of 
the prior art is provided with not only an input torque 
sensor such as a potentiometer but also with a number 
of revolutions sensor mainly comprising a reluctor or a 
gear connected to rotary members, and an electromag- 
netic pick-up coil. This means an increased number of 
components. 

The present invention is conceived in order to over- 
come the foregoing problem, and has a first object to 
provide a torque sensor for detecting not only torque but 
also number of revolutions of rotary members without 
increasing a number of components. A second object 
the present invention is to provide a novel and simplified 
number of revolutions sensor which can detect number 
of revolutions of the rotary members. 

In order to accomplish the first object of the inven- 
tion, claim 1 defines a torque sensor comprising: an out- 
put rotary member; an input rotary member rotatable 
coaxially with the output rotary member: a power trans- 
mission member being elastically deformed in response 
to rotating torque input to the input rotary member and 
transmitting the rotating torque to the output rotary 
member; a stationary member disposed at a predeter- 
mined position with respect to the output and input 
rotary members; a member for detecting relative angu- 
lar displacement of the output and input rotary members 
in response to the torque input to the input rotary mem- 
ber; and a slip ring having a plurality of conductive 
tracks which are integrally rotatable with either the out- 
put rotary member or the input rotary member in order 
to provide the stationary member with electrical signals 
detected by the detecting member, and are arranged 
concentrically and annularly. In the torque sensor, 
number of revolutions detecting tracks connect number 
of revolutions detecting brushes with the slip ring and 
are annular disposed concentrically with the plurality of 
conductive tracks, and receive from the number of revo- 
lutions detecting rate of revolution of the slip ring, i.e., a 
number of revolutions of the output or input rotary mem- 
ber. Therefore, the number of revolutions can be 
detected using the slip ring for receiving the torque 
detecting an electrical signal from the detecting section, 
without increasing a number components for revolution 



detection. 

In accordance with claim 2, the plurality of conduc- 
tive tracks and the speed detecting tracks are disposed 
on a first surface of the slip ring confronting the station- 

5 any member; and the detecting member is interposed 
between a second surface of the slip ring and a detect- 
ing rotary member which confronts the other surface of 
the slip ring in a manner such that the output and input 
rotary members are integrally rotatable with the other 

10 members on the second surface of the slip ring. Effec- 
tive use of the front and rear surfaces of the slip ring 
enables the detection of torque and number of revolu- 
tions using a compact structure. 

In order to accomplish the second object of the 

is invention, the invention defined in claim 3 is intended to 
provide a number of revolutions sensor for detecting 
number of revolutions of a rotary member, character- 
ized in that: a stationary member disposed at a prede- 
termined position with respect to the rotary member and 

20 a detecting member attached to a first surface of the 
rotary member are provided with number of revolutions 
detecting tracks composed of a plurality of poles having 
a common potential and a plurality of electrical resistors 
interposed between the plurality of poles, the poles and 

25 electrical resistors being annularly arranged around the 
axis of the output rotary member; and brushes in con- 
tact with the number of revolutions detecting tracks are 
arranged on a side opposite to the rotary member and 
the stationary member such that the brushes obtain 

30 periodic electrical signals in accordance with positions 
where the poles come into contact with the electrical 
resistors in response to the rotation of the rotary mem- 
ber. 

According to claim 3, the brushes come into contact 

35 with the poles and electrical resistors at positions which 
vary in response to the rotation of the rotary member. It 
is possible to periodically obtain the electrical signals, 
which vary with positions where the brushes come into 
contact with the electrical resistors, and with a distance 

40 between the opposite ends of the electrical resistors, at 
a frequency corresponding to the rate of revolution of 
the rotary member. Therefore, it is possible to detect the 
number of revolutions on the basis of the frequency of 
the electrical signals. 

45 In the invention defined in claim 4, the detected 
member is a slip ring which is fixed to the rotary mem- 
ber in order to receive the electrical signals from the sta- 
tionary member, and on which the number of 
revolutions detecting tracks comprising the plurality of 

so poles communicating with the annular conductive track 
at a plurality of equally spaced positions and the electri- 
cal resistors interposed between the poles, and the 
number of revolutions detecting tracks are concentric 
with the conductive track. Effective use of the slip ring 

55 enables detection of the rate of revolution of the rotary 
member with the compact structure. 

According to claim 5, a pair of number of revolutions 
detecting tracks are concentrically arranged on the 
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detected member, and are displaced from each other 
thereon. Further, according to claim 6, a pair of number 
of revolutions detecting brushes in contact with the sin- 
gle number of revolutions detecting track are arranged 
in a phase-shifted state on either the rotary member or 5 
the stationary member in such a manner that the 
number of revolutions detecting brushes come into con- 
tact with the poles and the electrical resistors at discrete 
positions. Therefore, it is possible to obtain two electri- 
cal signals having the phase difference in accordance 
with the rate of revolution of the rotary member. The rel- 
ative timing of these electrical signals varies with the 
rotating directions of the rotary member, which enables 
the detection of the rotating direction of the rotary mem- 
ber. The rotating direction of the rotary member can be 
detected using the number of revolutions detecting track 
and the number of revolutions detecting brushes and 
without using any other additional members. 

The invention will be described with reference to 
embodiments shown in the accompanying drawings. 

Fig. 1 is a side view of an electrically-assisted 
wheel chair to which the first embodiment of the 
invention is applicable. 

Fig. 2 is a rear view observed in the direction of 
arrow 2-2 in Fig. 1. 

Fig. 3 is an enlarged longitudinal section of a main 
part, taken along line 3-3 in Fig. 4. 
Fig. 4 is a view observed in the direction of arrow 4 
in Fig. 3. 

Fig. 5 is an enlarged longitudinal section taken 
along line 5-5 in Fig. 4. 

Fig. 6 is a front view of the slip ring observed in the 
direction of arrow 6-6 in Fig. 3. 
Fig. 7 is a rear view of the inner cover observed in 
the direction of arrow 7-7 in Fig. 3. 
Fig. 8 is a front view of the slip ring observed in the 
direction of arrow 8-8 in Fig. 3. 
Fig. 9 is a front view of the outer cover observed in 
the direction of arrow 9-9 in Fig. 3. 
Fig. 10 is a block diagram showing the configuration 
of the torque and number of revolutions detecting 
circuit. 

Fig. 1 1 is a timing chart showing the output from the 
number of revolutions detecting circuit and the 
waveform-shaped outputs. 
Fig. 12 is a cross section taken along line 12-12 in 
Fig. 3. 

Fig. 13 is a front view of the slip ring in the second 
embodiment, being similar to Fig. 6. 
Fig. 14 is a timing chart of the electrical signal for 
number of revolutions detection, obtained from the 
slip ring shown in Fig. 13. 
Fig. 15 is a rear view of the inner cover used in the 
third embodiment, being similar to Fig. 7. 

Referring to Fig. 1 first of all, the electrically- 
assisted wheel chair comprises a seat 15. a pair of rear 



wheels W R ... positioned at the opposite sides of the 
seat 15, a pair of front wheels W> ... disposed in front of 
the rear wheels W R .... The seat 15 is supported by 
upper frames 16, and the front and rear wheels W F ... 
and W R ... are supported by a pair of left and right lower 
frames 17, respectively. 

The upper frames 16 are covered by a pair of arms 
18a on their top surface, and comprise a pair of side 
frames 18... disposed at the opposite sides of the seat 
15, cross members 19 and 20 which extend across the 
side frames 18... under a sitting area 15a in order to 
support the sitting area 15a at two discrete points, and 
another cross member 21 extending across the side 
frames 18... behind a seat back 15b in order to support 
the seat back 15b. 

Trie lower frames 16 extend forward and backward 
below the upper frames 16, and comprise a pair of front 
wheel supports 22, a pair of rear wheel supports 23, 
and a pair of upper and lower tubular frame members 
24,25 for coupling the front and rear wheel supports 22 
and 23. The frame members 24 and 25 are curved 
downward at their middle portions. 

Each of the front wheel supports 22 includes, as an 
integral part, a support cylinder 22a which slopes 
slightly rearward toward its top. Each support rod 26 
passes through the support cylinder 22a, and is fixedly 
supported therein. A height of the support rod 26 is 
adjustable. A foot rest 27 extends across the lower ends 
of the support rods 26 supported by the support cylin- 
ders 22a... at the front end of the lower frames 17.... 
Further, a cross member 28 is disposed between rear 
portions of the front wheel supports 22.... 

The front wheels W F are casters which are pivotally 
attached to bottom ends of the support members 30 
having caster shafts 29 at their top ends. The caster 
shafts 29 are rotatably supported by bearing housings 
31 fixed to front intermediate portions of the front wheel 
supports 22. 

Referring to both Figs. 2 and 3 ( each rear wheel W R 
comprises a hub 32 as an annular output rotary mem- 
ber, a plurality of spokes 33... running from a plurality of 
spaced positions of the hub 32 to a rim 34, and a tire 35 
attached around the rim 34. 

A cover 36 covering an inner side of the hub 32 and 
one end of an axle 37 coaxial with the rear wheel W R 
are detachably fixed to the rear wheel support 23 under 
the lower frame 1 7. The axle 37 extends outward via the 
cover 36 and the hub 32. An electric motor 38 whose 
rotation axis deviates from the axis of the axle 37 is cou- 
pled to the cover 36. 

The hub 32 comprises a first hub half 39 which is 
cylindrical, is coaxial with the axle 37 and is tapered out- 
ward, and a second hub half 40 which includes a sleeve 
40a coaxially surrounding the axle 37 as an integral 
part, and is bolted to an outer peripheral edge of the first 
hub half 39. Half of the spokes 33... are connected to 
the first hub half 39 while the other half of the spokes 
33... are connected to the second hub half 40. Further, 
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an annular sealing member 42 which comes into elastic 
contact with the inner edge of the first hub half 39 of the 
hub 32 is attached around an outer peripheral edge of 
the cover 36 in order to prevent dust from entering into 
a working chamber 41 defined by the cover 36 and the 
hub 32. 

Further referring to Fig. 4, a hand rim hub 43 as an 
input rotary member is disposed coaxially with the axle 
37. A plurality of spokes 44 run from the hand rim hub 
43 to an annular hand rim 45 which is coaxial with the 
axle 37. 

An annular member 46 which is coaxial with the 
axle 37 is fastened to the inner side of the hand rim hub 
43 by a plurality of bolts 47.... A bearing 48 is disposed 
between the annular member 46 and the second hub 
half 40 of the hub 32. A pair of bearings 49, 49 are dis- 
posed between the axle 37 and the annular member 46. 
In the working chamber 41, a support plate 50 is 
attached to an inner surface of the cover 36. A bearing 
51 is interposed between an inner edge of the sleeve 
40a and the support plate 50. Therefore, the hub 32 is 
rotatable around the axle 37. The hand rim hub 43 is 
rotatable around the axle 37 such that it is angularly dis- 
placeable relatively with the hub 32. 

A drive shaft 52 interlocking with the electric motor 
38 is inserted into the working chamber 41. A driven 
gear 54 engaged with a driving gear 53 fixed to the drive 
shaft 52 is coupled to the sleeve 40a of the hub 32 via a 
spline 55. Therefore, power of the electric motor 38 is 
transmitted to the hub 32, i.e., the rear wheels W R . 

A recess 57 is formed on an outer center surface of 
the hand rim hub 43 in order to receive a nut 56 which is 
screwed in an outer end of the axle 37 so as to prevent 
the bearings 49, 49 from being displaced axially out- 
ward from the axle 37. A cap 58 is elastically attached to 
the nut 37 in the recess 57 in order to cover the outer 
end of the axle 37 and the nut 56. 

Further referring to Fig. 5, a power transmission 
member 61 is interposed between the hand rim hub 43 
and the hub 32, and provides the hub 32 with input 
rotating torque which is input to the hand rim hub 43 as 
the hand rim 45 is manually rotated. The power trans- 
mission member 61 is substantially in the shape of the 
letter C along a virtual circle surrounding the axis of the 
axle 37 when no external force is applied. Specifically, 
the power transmission member 61 is positioned 
between the hand rim hub 43 and the second hub half 
40 of the hub 32, and has one end coupled to the hand 
rim hub 43 by a pin 62 force-fitted to the hand rim hub 
43. The other end of the power transmission member 61 
is coupled to the second hub half 40 of the hub 32 by a 
bolt 63. Further, the second hub half 40 has a concave 
portion 64 for loosely receiving a head of the pin 62. The 
hand rim hub 43 has a circular opening 65 for loosely 
receiving the bolt 63. 

In response to the rotating torque input to the hand 
rim hub 43, the power transmission member 61 elasti- 
cally deforms itself, thereby transmitting the input rotat- 



ing torque to the hub 32. The power transmission 
member 61 requires a relatively small space in the 
direction along the axis of the axle 37, which means that 
the structure for transmitting power from the hand rim 
5 hub 43 to the hub 32 can be made compact and simpli- 
fied. 

The working chamber 41 houses a slip ring 68 as a 
member to be detected, an inner cover 69 which func- 
tions as a stationary member for covering the inner side 

10 of the slip ring 68 extending along the axle 37, and an 
outer cover 70 which functions as a detecting rotary 
member and covers the outer side of the slip ring 68 
extending along the axle 37. 

The slip ring 68 is fixed to the inner surface of the 

15 outer end of the second hub half 39 of the hub 32 by a 
plurality of bolts 71 • • • . As shown in Fig. 6, first to third 
angular conductive tracks 72, 73 and 74 are disposed 
on a first surface of the slip ring 68. i.e. on the surface 
opposite to the inner cover 69. The conductive tracks 

20 72, 73 and 74 are concentric with the axle 37, are 
attached to the slip ring 68 in the named order, and are 
spaced apart from one another, i.e., the first angular 
track 72 is most adjacent to the slip ring 68. An angular 
track 75 for number of revolutions detection is posi- 

25 tioned inside the third 

conductive track 74, and is concentric with the conduc- 
tive tracks 72 to 74. The slip ring 68 is made of a non- 
conductive material in the shape of an annular plate. 
The first to third conductive tracks 72 to 74 are made of 

30 conductive foil, and are attached on the first surface of 
the slip ring 68. The number of revolutions detecting 
track 75 includes poles 76 • • • which are made of a 
conductive material and are present at a plurality of 
positions, e.g., 12 discrete positions, and a plurality of 

35 (12 for example) electrical resistors 77... which are alter- 
nately positioned with the poles 76.... The poles 76... 
communicate with the third conductive annular track 74 
at 12 discrete positions, so that the poles 76... have the 
same potential as that of the third conductive track 74. 

40 Referring to Fig. 7, the following are annularly 
arranged on the inner cover 69 on the side confronting 
the slip ring 68: a first brush 78 in sliding contact with 
the first conductive track 72, a second brush 79 in slid- 
ing contact with the second conductive track 73, a third 

45 brush 80 in sliding contact with the third conductive 
track 74, and a number of revolutions detecting brush 

81 in sliding contact with the number of revolutions 
detecting track 75. The brushes 78, 79, 80 and 81 are 
arranged in the named order toward the center of the 

so inner cover 69, and are spaced apart from one another. 
The inner cover 69 has two integrally provided arms 
82, 82 which are spaced from each other and extend 
outward away from the peripheral edge of the inner 
cover 69. Tips of guide pins 83... embedded in the sup- 

55 port plate 50 fixed to the cover 63 pass through the 
arms 82, 82. Each guide pin 83 is provided with an arm- 
shaped receptacle 84, which is in contact with the arm 

82 and is axially movable on the guide pin 83. Springs 
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85... extend between the receptacles 84... and the sup- 
port plate 50. The springs 85... have relatively weak 
resilience for urging the inner cover 69 so that the fore- 
going brushes 78 to 81 are brought into elastic contact 
with their corresponding tracks 72 to 75, respectively. 5 

The inner cover 69 has an annular groove 86 on its 
outer peripheral surface, through which conductors (not 
shown) connected to the brushes 78 to 81 extend out- 
ward. 

A coupling member 88 is fixedly attached by bolts 
89... to the annular member 46 fastened to the hand rim 
hub 43, at two discrete positions. Specifically, the cou- 
pling member 88 is fixed to the annular member 46 by 
the bolts 89... via through-holes 90... formed on the 
sleeve 40a of the second hub half 40 in the hub 32. The 
through-holes 90... have a size for enabling the relative 
angular displacement of the hub 32 (i.e., sleeve 40a) 
and the hand rim hub 43 (i.e., coupling member 88). 

Referring to Fig. 8, the outer cover 70 is made of a 
non-conductive material, is substantially in the shape of 
a sector, and is coupled to the coupling member 88 by 
bolts 91... at two positions along its outer peripheral 
edge. The outer cover 70 confronts the slip ring, 68 on 
the side opposite to the inner cover 68. Further, the 
outer cover 70 includes on its inner peripheral edge a 
regulating cylindrical member 70a surrounding the 
sleeve 40a, as an integral member. The regulating cylin- 
drical member 70a supports and regulates the sleeve 
40a such that predetermined clearances are main- 
tained between the slip ring 68 and the inner periphery 
of the inner cover 69 and the slip ring 68 and the inner 
and outer covers 69 and 70. 

A detecting member 94 detects the relative angular 
displacement between the hub 32 (i.e.. the slip ring 68) 
and the hand rim hub 43 (i.e., outer cover 70) in 
response to the torque input to the hand rim hub 43, and 
is interposed between the outer cover 70 and the first 
surface of the slip ring 68 which is opposite to the sec- 
ond surface confronting the inner cover 69 and is pro- 
vided with the first to third conductive tracks 72 to 74 
and the number of revolutions detecting track 75. 

As shown in Fig. 9. the detecting member 94 is in 
the shape of a sector and coaxial with the axle 37, and 
comprises a conducting section 95 formed on the first 
surface of the slip ring 68, an electrical resistor 96 which 
is in the shape of a sector and coaxial with the axle 37, 
and is present inside the conducting section 95 on the 
second surface of the slip ring 68. a fourth brush 97 
fixed on the outer cover 70 in order to come into sliding 
contact with the conducting section 95, and a fifth brush 
98 which is fixed on the outer cover 70, is electrically 
connected with the fourth brush 97, and comes into slid- 
ing contact with the electrical resistor 96. 

The electrical resistor 96 is electrically connected at 
opposite ends 96a and 96b to the second and third con- 
ductive tracks 73 and 74, respectively. 

The electrical circuit on the slip ring 68. and the 
inner and outer covers 69 and 70 is configured as 



shown in Fig. 10. The first to third bushes 78 to 80 and 
the number of revolutions detecting brush 81 are fixed 
to the inner cover 69 which is at the predetermined posi- 
tion with respect to the slip ring 68 and the outer cover 
70. The first brush 78 in sliding contact with the first con- 
ductive track 72 is connected to a torque detecting ter- 
minal 99. The second brush 79 in sliding contact with 
the second conductive track 73 is connected to a posi- 
tive side of a battery 100. The third brush 80 in sliding 
contact with the third conductive track 74 is grounded. A 
fifth brush 98 is in sliding contact with the electrical 
resistor 96 to the ends 96a and 96b of which are electri- 
cally connected the second and third conductive tracks 
72 and 73, respectively. The fifth brush 98 is electrically 
connected to the first conductive track 72 via the fourth 
brush 97 and the conductive section 95. Therefore, in 
the detecting section 96, a voltage acts across the elec- 
trical resistor 96 in accordance with an output voltage of 
the battery 100. When there occurs a relative angular 
displacement between the sling ring 68 and the outer 
cover 70 in response to torque input to the hand rim hub 
43, the torque detecting terminal 99 outputs a voltage 
output corresponding to the input torque depending 
upon a position where the fifth brush 98 comes into con- 
tact with the electrical resistor 96 and the distance 
between the opposite ends of the electrical resistor 96. 

The number of revolutions detecting brush 81 in 
sliding contact with the number of revolutions detecting 
track 75 is connected to a positive side of the battery 
100 via voltage divider 101. A number of revolutions 
detecting terminal 102 is connected between the brush 
81 and the voltage divider 101. The poles 76... of the 
number of revolutions detecting track 75 are electrically, 
connected to the third conductive track 74, and are 
grounded. Therefore, when the slip ring 68 rotates, the 
number of revolutions detecting terminal 102 receives a 
voltage output as shown in Fig. 1 1(a) or a voltage output 
as shown in Fig. 1 1(b) which is variable with a position 
where the number of revolutions detecting track 75 
comes into contact with the number of revolutions 
detecting brush 81 . The output from the number of rev- 
olutions detecting terminal 81 is waveform-shaped, 
thereby obtaining an electrical signal which is periodi- 
cally variable and is in the shape of a pulse as shown in 
Fig. 11(c). A frequency of the pulse-shaped electrical 
signal varies with the rate of revolution of the slip ring 
68, i.e., the hub 32, so that it is possible to detect the 
rate of revolution of the slip ring 68, i.e., the hub 32, by 
counting pulse signals per unit time. 

The operation of the electric motor 38 is controlled 
on the basis of the detected input torque and number of 
revolutions as described above. In order to determine 
whether the electric motor 38 should be rotated forward 
or backward, a switch 104 for detecting a rotating direc- 
tion is fixed on the support plate 50 as shown in Fig. 1 2. 
A spring 105 is attached to an outer periphery of a base 
of the driven gear 54, and rotates in frictional contact 
with the driven gear 54 when it is operated. The spring 
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105 has, as its integral part a pressing member 105a 
which is substantially in the shape of the letter U, comes 
into contact with a detecting piece 104a of the switch 
104 and makes the switch 104 conductive when the 
driven gear 54 is rotated counterclockwise as shown in 5 
Fig. 12. Further, the support plate 50 has a regulating 
pin 106 embedded therein. The pin 106 is at a position 
corresponding to the pressing member 105a. When the 
pressing member 105a comes into contact with the reg- 
ulating in 106, the spring 105 stops rotating following w 
the driven gear 54. 

The operation of the first embodiment will be 
described hereinafter. The slip ring 68 is fixed to the hub 
32. The slip ring 68 is provided with the number of revo- 
lutions detecting track 75 comprising a plurality of com- 15 
monly grounded poles 76- • • and a plurality of 
electrical resistors 77 • • • disposed between the poles 
76 • • • which are arranged around the axis of the hub 
32. The number of revolutions detecting brush 81 in slid- 
ing contact with the number of revolutions detecting 20 
track 75 is disposed on the inner cover 69 which is at the 
fixed position with respect to the hub 32. In this configu- 
ration, it is possible to obtain the periodic electrical sig- 
nals shown in Fig. 1 1 which vary with the contacting 
positions of the electrical resistors 77 - • • with the 25 
poles 76 • • • in response to the rotation of the hub 32. 
Therefore, the rate of revolution of the hub 32 can be 
detected since the frequency of the electrical signals 
vary with the varying rate of revolution of the hub 32. 

The slip ring 68 is concentric with the first to third 30 
conductive tracks 72 to 74 which are attached thereon, 
thereby providing the inner cover 69 with the electrical 
signal in accordance with the torque detected by the 
detecting section 94. Effective use of the slip ring 68 
facilitates the detection of the rate of revolution of the 35 
hub 32 using a simplified and compact structure without 
an increase in a number of components. 

The first to third conductive tracks 72 to 74 and the 
number of revolutions detecting track 75 are disposed 
on the first surface of the inner cover 69 of the slip ring 40 
68. The detecting section 94 for torque detection is dis- 
posed between the second surface of the slip ring 68 
and the outer cover 70 which rotates integrally with the 
hand rim hub 43. Thus, through effective use of the 
opposite surfaces of the slip ring 68, it is possible to 45 
detect the torque and number of revolutions using the 
compact structure. 

Figs. 13 and 14 show a second embodiment of the 
invention. 

The following are concentrically arranged on the so 
slip ring 68; a number of revolutions detecting track 75^ 
including a plurality of (e.g., 12) poles 76^ • • • which 
are made of a conductive material and are equally 
spaced, and electrical resistors 77 t • • • interposed 
between the poles 76«| • • • ; and a number of revolu- ss 
tions detecting track 75 2 including a plurality of (e.g., 12) 
poles 76 2 which are equally spaced, and electrical 
resistors 77 12 • • • disposed between the poles 



762 • • • . Both of the poles 76, • • • and 76 2 • • • are 
commonly connected to the third conductive track 74, 
and have the same potential as that of the third conduc- 
tive track 74. 

The number of revolutions detecting tracks 75^ and 
752 ana annularly arranged on the slip ring 68 with a 
phase difference a. Therefore, it is possible to obtain 
two electrical pulse signals whose phases are shifted by 
a as shown in Figs. 1 4(a) and 1 4(b). The rotating direc- 
tions of the slip ring 68, i.e., the hub 32, can be detected 
on the basis of the fact that a relative timing of these 
electrical pulse signals varies with the rotating direc- 
tions of the slip ring 68. For instance, when the rise of 
the signal (a) is detected after the phase difference a 
following the rise of the signal (b), the hub 32 is consid- 
ered to be rotating forward. Conversely, when the rise of 
the signal (b) is detected after the phase difference a 
following the rise of the signal(a), the hub 32 is consid- 
ered to be rotating backward. Therefore, the rotating 
direction can be detected in addition to the number of 
revolutions. 

A third embodiment of the invention is shown in Fig. 
15. A pair of number of revolutions detecting brushes 
81 1 and 81 2 are fixed on the inner cover 69, and are in 
sliding contact with the number of revolutions detecting 
track 75 on the slip ring 68. 

Further, the number of revolutions detecting 
brushes 81 , and 81 2 are displaced from each other by 
{n»(2ji/N) + a} where N denotes a number of the 
poles 76 - • • and electrical resistors 77 • • • and is 12 
in this embodiment, and H n M denotes an integer of 1 to 
N. In other words, a pair of the number of revolutions 
detecting brushes 81 <, and 81 2 in contact with the 
number of revolutions detecting track 75 are arranged 
such that they come in to contact with the poles 76 • • • 
and electrical resistors 77 • • • on the number of revolu- 
tions detecting track 75, at positions which are dis- 
placed with the phase difference of a. 

According to the third embodiment, it is possible to 
obtain from the brushes 81 , and 81 2 the electrical pulse 
signals which are produced at timings shown in Figs. 
14(a) and 14(b). Similarly to the second embodiment, 
the rotating direction as well as the number of revolu- 
tions can be detected. 

The slip ring 68 to be detected is fixed to the hub 32 
as the output rotary member in the foregoing embodi- 
ments. Alternatively, the detected member may be fixed 
to the input rotary member, and the revolution detecting 
member may be fixed to the output rotary member. 

The present invention has been described with 
respect to the electrically-assisted wheel chair. Alterna- 
tively, the invention is also applicable as a torque sensor 
or a number of revolutions sensor for a device in which 
rotating torque input to an input rotary member is trans- 
mitted to an output rotary member via a power transmis- 
sion member which is elastically deformed in response 
to the rotating torque. 

The invention provides a detecting unit for detecting 
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not only torque but also number of revolutions of rotary 
members without increasing a number of components. 

The number of revolutions detecting track 75 which 
is annular and contacts number of revolutions detecting 
brushes, disposed on the stationary member, with the s 
slip ring 68 is arranged concentrically with a plurality of 
conductive tracks 72 to 74 on the slip ring 46 in order 
that the number of revolutions detecting track 75 
receives from the number of revolutions detecting 
brushes electrical signals which periodically vary in 10 
response to the rotation of the slip ring 68. 

Claims 

1 . A torque sensor comprising: an output rotary mem- is 
ber (32): an input rotary member (43) rotatable 
coaxially with the output rotary member (32): a 
power transmission member (61) being elastically 
deformed in response to rotating torque input to the 
input rotary member (43) and transmitting the rotat- 20 
ing torque to the output rotary member (32); a sta- 
tionary member (69) disposed at a predetermined 
position with respect to the output and input rotary 4. 
members (32, 43); a member (94) for detecting rel- 
ative angular displacement of the output and input 25 
rotary members (32, 43) in response to the torque 

input to the input rotary member (43); and a slip ring 
(68) having a plurality ol conductive tracks (72, 73, 
74) which are integrally rotatable with either the out- 
put rotary member (32) or input rotary member (43) so 
in order to provide the stationary member (69) with 
electrical signals detected by the detecting section 
(94), and are arranged concentrically and annularly, 
wherein 

number of revolutions detecting annular 35 
tracks (75, 75 1( 75 2 ) contact number of revolutions 
detecting brushes (81. 81 1( 82 2 ) with the slip ring 5. 
(68), are disposed concentrically with the plurality 
of conductive tracks (72 to 74), and receive from the 
number of revolutions detecting brushes (81, 81 1t *o 
822) electrical signals varying periodically in 
response to the revolution of the slip ring (68). 

6. 

2. The torque sensor according to claim 1, wherein 

the plurality of conductive tracks (72 to 74) and the 45 
speed detecting tracks (75, 75! , 75^ are disposed 
on a first surface of the slip ring (68) confronting the 
stationary member (69); and the detecting member 
(94) is interposed between a second surface of the 
slip ring (68) and a detecting rotary member (70) so 
which confronts the second surface of the slip ring 
(68) in a manner such that the other of the output 
rotary member (32) or the input rotary member (43) 
is integrally rotatable with the second surface of the 
slip ring (68). ss 

3. A number of revolutions sensor for detecting 
number of revolutions of a rotary member (32), 



characterized in that: a stationary member (69) dis- 
posed at a predetermined position with respect to 
the rotary member(32) and a detected member (68) 
attached to a first surface of the rotary member (32) 
are provided with number of revolutions detecting 
tracks (75, 75^ 75 2 ) composed of a plurality of 
poles (76, 76 1( 76 2 ) having a common potential and 
a plurality of electrical resistors (77, 17 A , 752) inter- 
posed between the plurality of poles (76, 76 1( 762), 
the poles (76, 76 1( 76 2 ) and electrical resistors (77, 
77 1( 77 2 ) being annularly arranged around the axis 
of the output rotary member (32); and brushes (81 , 
81 1f 81 2 ) in contact with the number of revolutions 
detecting tracks (75, 75 1t 75^ are arranged on a 
side opposite to the rotary member (32) and the 
stationary member (69) such that the brushes (81 , 
81-|. 81^ obtain periodic electrical signals in 
accordance with positions where the poles (76, 76<| , 
76 2 ) come into contact with the electrical resistors 
(77, 77^, 77 2 ) in response to the rotation of the 
rotary member (43). 

The number of revolutions sensor according to 
claim 3. wherein the detected member (68) is a slip 
ring which is fixed to the rotary member (32) in 
order to receive the electrical signals from the sta- 
tionary member (69), and on which the number of 
revolutions detecting tracks (75, 75<\ , 75^ compris- 
ing the plurality of poles (76, 76^ , 762) communicat- 
ing with the annular conductive track (74) at a 
plurality of equally spaced positions and the electri- 
cal resistors (77, 77«j, 77 2 ) interposed between the 
poles (76, 76 1( 762), and the number of revolutions 
detecting tracks (75. 75 1( 752) are concentric with 
the conductive track (74). 

The number of revolutions sensor according to 
claim 3 or 4, wherein a pair of number of revolutions 
detecting tracks (75 t . 75 2 ) are concentrically 
arranged on the detected member (68), and are 
phase-shifted from each other. 

The number of revolutions sensor according to 
claim 3 or 4. wherein a pair of number of revolutions 
detecting brushes (81 1t 81 2 ) in contact with the sin- 
gle number of revolutions detecting track (75) are 
arranged in a phase-shifted state on either the 
rotary member (32) or the stationary member (69) 
in such a manner that the number of revolutions 
detecting brushes (81 1 , 81 2 ) come into contact with 
the poles (76) and the electrical resistors (77) at 
discrete positions. 
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Fig. 4 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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